Abstract: Complex permeability spectra @*=p'-ip") in Mn-Zn ferrite and its composite materials have been studied. In sintered ferrite, resonance-type frequency dispersion was observed at room temperature but decrement ofp' is steeper than that of ordinary resonance. As the temperature is decreased, onset frequency of dispersion shifts higher and dispersion character changes to relaxation-type. In ferrite composite materials, relaxation characters were also observed at low volume loading samples. Since Kn-Zn ferrite has relatively high electrical conductivity at room temperature, high frequency permeability is suppressed by eddy current. However, lowering of temperature and reduction of ferrite content result in the decrease of eddy current; magnetic resonance such as relaxation-type spin rotational one appears in high frequency region.
INTRODUCTION
For high-frequency electronic devices such as electromagnetic wave absorbers or inductor devices, initial permeability in high-frequency region is an important factor. So-called high-permeability ferrite has large permeability value in low frequency region, however their permeability rapidly decreases in high frequency region. We have investigated the Ni-Zn ferrite composite materials to improve high-frequency permeability, and have shown that the ferrite composite material can have higher permeability than sintered ferrite in IOOMHz region [I] . The permeability of polycrystalline ferrite can be described as the superposition of domain wall motion and spin rotation components; for Ni-Zn ferrite, we can separate these two contributions in permeability spectra using the difference of frequency dependence (resonance-type for the domain wall motion and relaxation-type for the spin rotation). In the present work, we have studied high-frequency permeability spectra for Mn-Zn ferrite composite materials and temperature variation of permeability spectra for sintered Mn-Zn ferrite to investigate the variation of these two components with ferrite content and temperature.
EXPERIMENTAL
Sintered ferrite samples used for this work had the cationic composition of Mn,,,Zn,,Fe,O, which density is 4.9. Mn-Zn ferrite particles for composite materials were prepared by mechanical grinding of the sintered ferrite. Particle size was controlled under 75ym. MnZn ferrite -PPS composite materials were produced by mixing the ferrite particles with appropriate amount of PPS (Polyphenylene Sulfide) resin, pressing the mixture at 300°C and a pressure of 120kgf/cm2 then cooling to room temperature. The complex permeability @*=p'-ip") was measured from l O W z to 3GHz by a coaxial line technique using an impedance analyzer and a network analyzer in the temperature range from 80K to 400K[1]. ferrite composite materials.
RESULTS AND DISCUSSION
rapidly from about 3MHz. The imaginary partp" has a maximum at around 800kHz. This is a resonance-type of dispersion but decrement of p ' is steeper than that of ordinary dispersion due to domain wall resonance [2, 3] . Figure 2 shows the variation of the real a) and imaginary part b) of permeability spectra with temperature for sintered Mn-Zn ferrite. It was found that the p' decreases and shoulder frequency of p' increases with a decrease of temperature. Further, dispersion character changes from resonance-type to relaxation-type as the temperature is decreased; broad maximum of y' disappears in low temperature region. Maximum frequency ofp" shifts higher and p" value decreases with a decrease of temperature. This feature can be understood as follows. Since Mn-Zn ferrite is a semiconductor, a contribution of eddy current for high-frequency permeability is large at room temperature [4] . Accordingly, permeability dispersion due to magnetic resonances are masked, especially high-frequency spin resonance is invisible in permeability spectra. As temperature is decreased, conductivity decreases and magnetic anisotropy increases. Therefore, resonance frequency shifts higher, simultaneously, relaxation-type spin rotational resonance appears in permeability spectra. For Mn-Zn ferrite composite materials, the same feature was observed in low ferrite content samples. Figure 3 shows the complex permeability spectra of MnZn ferrite -PPS composite materials at room temperature [ a) real partp' and b) imaginary part p"]. Even for high ferrite content composites (73.4 vol%), resonance frequency locates at several hundred MHz and permeability value at low frequency decreases drastically. However, permeability value at high frequency is larger than that of sintered ferrite. For the 47.3 vol% composite, we can find the relaxation-type frequency dispersion. In the case of ferrite composite materials, electric properties of embedded particles are considered to be almost the same as that of bulk ferrite in this particle size. However, both magnetic and electric contacts between each adjacent particles are broken because ferrite particles are separated by nonmagnetic and insulating layer (PPS resin). This configuration results in the reduction of net conductivity in composite materials. Therefore, relaxation type spin resonance appears in high frequency permeability. From above results, high-frequency permeability can be improved by making composite structure of Mn-Zn ferrite and host resin. Further investigations for magnetic and electrical properties of sintered ferrite and composite materials are being carried out.
